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Abstract 
Room-temperature photoluminescence (PL) of non-stoichiometric silicon oxide (SiOx, x<2) films prepared by hot filament 
chemical vapour deposition (HFCVD) technique was studied. The effect of the growth temperature was analyzed. These films 
show a wide and intense visible PL. A wavelength-shift of the absorption edge and an increasing of the energy band gap were 
observed when the substrate temperature was decreased. High resolution transmission electron microscopy (HRTEM) and X-ray 
diffraction (XRD) showed the existence of Si nanocrystals (Si-ncs) with diameters between 1 and 6.5 nm within of the SiOx 
films. The luminescence in these SiOx films is explained according to the combination of different mechanism. 
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1. Introduction 
Recently, materials that contain Si nanoparticles (Si-nps) have been intensively studied because of their 
technological importance and its interesting optoelectronic properties. One of these materials is the non-
stoichiometric silicon oxide (SiOx, x<2).  
SiOx can be prepared by several techniques including silicon ion implantation into the thermal dioxide films, 
reactive sputtering, co-evaporation, sol-gel, low pressure chemical vapour deposition (LPCVD), plasma enhanced 
chemical vapour deposition (PECVD) and hot filament chemical vapour deposition (HFCVD) [1-6]. In all of these 
techniques, the silicon excess is controlled by changing the process parameters. Thermal annealings are generally 
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used to enhance the luminescent properties of the SiOx films. Depending on the process parameters and the 
technique, it is possible to obtain Si nanoparticles (Si-nps) from 1 nm to 10 nm in size [7, 8]. 
Changes in the structural and optical properties of SiOx films have been found to depend with the silicon excess 
[9, 10]. These properties have motivated the application of SiOx films in optoelectronics devices, such as waveguide, 
memories, and photodetectors [11-14]. Moreover, the SiOx is completely compatible with the CMOS technology. 
SiOx prepared by HFCVD (HFCVD-SiOx) can be considered as a multi-phase material due to that it can be 
composed by a mixture of not stoichiometric silicon oxide (SiOx, x < 2) and elemental silicon (as Si-nps) [7, 8, 15]. 
Depending on the growth temperature, it is possible to obtain silicon nanocrystals (Si-ncs) < 10 nm in size. Also, 
HFCVD technique allows us to obtain SiOx films with variable thickness just by varying the distance of source-
substrate during the deposit; this distance changes the growth temperature and also the optical properties of the films 
[15].  
In this work, a study about of the structural and optical properties of SiOx films obtained by HFCVD is reported. 
The effect of the growth temperature on the PL response has been also studied. Experimental results from the 
HRTEM, XRD, PL and Transmittance measurements done on HFCVD-SiOx films are discussed in order to 
understand the mechanism of emission. 
 
2. Experiment 
SiOx films were deposited on n-type (100) silicon wafers (2000-5000 -cm) and on quartz, in a horizontal hot 
filament CVD reactor using quartz and silicon porous as the solid source [16]. In the deposition process, a hot 
filament at ~ 2000 °C dissociates the ultra high purity molecular hydrogen, which flows into the reactor at a rate of 
50 sccm, producing atomic hydrogen (H°). The substrates were carefully cleaned with the MOS standard cleaning 
process. The filament-source distance was kept constant at 2 mm and the distance source-substrate (dss) was varied 
to change the growth temperature, and consequently to change the silicon excess and defect concentration in the 
SiOx films. The growth temperatures were 900 °C, 1050 °C, 1150 °C, 1300 °C, and 1400 °C for a dss from 6 mm, 5 
mm, 4mm, 3 mm and 2 mm, respectively. 
The refractive index and thickness were measured using a null Ellipsometer Gaertner L117 with a laser of He-Ne 
(632.8 nm). Five different points on the sample surface were measured. High resolution transmission electron 
microscopy (HRTEM) measurements were done using a HRTEM Titan 80-300kV model. PL was measured at room 
temperature using a Horiba Jobin Yvon spectrometer model FluroMax 3 with a pulsed xenon source whose detector 
has a multiplier tube. The samples were excited using light of 250 nm and PL response was recorded between 400 
and 900 nm with a 1 nm resolution. X-ray diffraction measurements were carried out with Cu K line in a Brucker 
diffractometer D8 Discover model. A fixed glancing incident angle (w = 2.5°) was used in order to fix and increase 
the SiOx film depth probed by the x-ray beam as compared to conventional   2 scans, while 2 was scanned 
typically between 10° and 60°. Room-temperature transmittance of the SiOx films was measured using an UV-Vis 
thermo scientific spectrometer evolution 600 with a deuterium and tungsten source whose detector has a R-928 red 
sensitive photomultiplier tube. The transmittance signal was collected from 190 to 1000 nm with a resolution of 0.2 
nm.  
3. Results 
The refractive index and thickness of the SiOx films as a function of the growth temperature are shown in Fig. 1. 
The growth temperature (Td) clearly affects the thickness and the refractive index of the SiOx films, thicker samples 
were obtained when Td was higher. The bigger refractive index is obtained with the highest growth temperature 
from 1400 °C and decreases for lesser growth temperatures. It is known that the refractive index of SiOx films 
change with the excess of silicon and defect concentration. Therefore, the growth temperature could be changing the 
silicon excess within the SiOx films.  
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Figure 1. a) Thickness, and b) Refractive index as a function of growth temperature of the SiOx films. 
 
The HRTEM images of thin SiOx films grown at 1150 °C are shown in Fig. 2; HRTEM clearly shows the 
presence of silicon nanocrystals (Si-ncs) embedded in SiOx films with a size of 4.6 nm and 6.5 nm.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. HRTEM images of the SiOx films deposited at a growth temperature of 1150 °C. 
 
Figure 3 shows the XRD patterns of SiOx films for different growth temperature. One peaks at 56° is observed 
for all the SiOx films, which are related to the presence of a Si crystalline plane (311). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. XRD patterns of the SiOx films as a function of the growth temperature. 
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Figure 4 shows the PL spectra from SiOx films for different growth temperatures. A wide PL spectrum is 
observed for all the samples. The main peak is placed at around 500 and 600 nm depending on the growth 
temperature. As observed in figure 4, for the highest growth temperature (1400 °C), the PL has the weakest intensity 
and a shift to 700 nm is observed, compared with that for the lower growth temperature (1150 °C). Moreover, the 
PL band-width increases for growth temperature lower than 1400ºC. 
Figure 5 shows the transmittance spectra for SiOx films deposited on quartz substrate at different growth 
temperature (Td). As can be observed the transmittance of these films is high ( 80 %) for wavelengths larger than 
500 nm, and reduces to cero as the wavelength reduces. The growth temperature (Td) produces a clear shift of the 
curves towards lower wavelength. 
     Figure 4. PL spectra of SiOx films.      Figure 5. UV/Vis transmittance spectra of SiOx films. 
 
4. Discussion 
The optical characteristics of these SiOx films were obtained. Thickness and refractive index of HFCVD-SiOx films 
were dependent on the growth temperature. Thicker samples were obtained as the temperature was increased from 
900 to 1400 ºC SiOx films.  
 A variation in the refractive index from 1.4 to 2.2 was obtained when the growth temperature was increased from 
1150 to 1400 ºC. This variation has been related with a change in the silicon excess in SiOx films [15].  Therefore, 
silicon excess within the HFCVD from this work is obtained by changing the growth temperature. 
SiOx-HFCVD films show a wide PL band with a peak centered around 550 nm or as a band (400-700 nm). It is 
widely accepted that visible red emission observed in SiOx films is related to the presence of embedded silicon 
nanoparticles. However, there exist some differences that are associated with the deposition technique and the 
experimental conditions used. In this case, PL band centered on 550 nm presents a behaviour like that one reported 
by other authors in similar materials [7, 8, 12]. The origin of PL bands between (400-700nm) are usually ascribed to 
quantum dots, defects at the Si/SiO2 interface and defects associated with oxygen in the film. It is possible that the 
growth temperature produce some defects in the SiOx films such as: neutral charged oxygen vacancies (NOV) (Si-Si 
bonds), no bridging oxygen hole center (NBOHC), positively charged oxygen vacancies (E’ centres), interstitial 
oxygen molecules and peroxide radicals [3, 7, 10-15]. Some of these radiative defects such as NOV, and NBOHC 
can be activated with the growth temperature during the process, which can form Si-nps or E’ centres. Therefore, the 
increase of the PL with the Td is due to the activation of some of these radiative defects. In this study the 550 nm PL 
band have been correlated with silicon excess in the film in the way of NOV defects and E´centres [7, 15]. These 
bands are well defined only if the film has been grown with temperature from 900-1150 °C. If the film has been 
grown at a higher temperature, the band at 700 nm appears with its maximum PL emission. 
On the other hand, only in SiOx films grown at Td = 1150 °C it is possible to observe a relationship between PL, 
refractive index, thickness and structure as high PL with a thickness of 800 nm, and a refractive index of 1.47 with 
Si-ncs of 4 to 6.5 nm. 
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SiOx films exhibited a relatively high transmittance (> 80 %) between 600 and 900 nm. The growth temperature 
produce a clear variation and shift of the curves of transmittance towards lower wavelengths. This variation has been 
related with a change in the silicon excess in SiOx films [7, 8, 15].  
XRD diffraction patterns showed the presence of a crystalline plane related with silicon, indicating the presence 
of Si-ncs within the SiOx films. Moreover, HRTEM measurements corroborated the existent of Si-ncs. Si-ncs in the 
SiOx films could be produced by the diffusion of excess Si due to the high temperature of depositions. That is, when 
the SiOx films are being deposited, the silicon particles diffuse to create silicon agglomerates around the nucleation 
sites. If the excess Si is high enough, the Si agglomerates will be crystallized to form Si-ncs.  
 
5. Conclusion 
SiOx films deposited by HFCVD at different temperatures were analyzed. These films exhibit an intense PL with 
a main peak at 550 nm. The strongest PL was obtained for SiOx films deposited at 1150ºC.  
Refractive index, PL, Transmittance, XRD and HRTEM techniques were used for obtaining the characteristics of 
the films. The structural and optical properties were studied and the effects as a function of the growth temperature 
on the properties of SiOx films were analyzed. Refractive index of the SiOx films increases with the growth 
temperature. The formation and growth of Si-ncs in samples with different growth temperature were obtain and 
investigated with XRD and HRTEM. 
Interestingly, it was found that the absorption edge strongly correlates with the growth temperature and it is 
shifted over a large energy range via the substrate temperature. 
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